The biomechanical behavior of the optic nerve head and peripapillary scleral connective tissues are currently under study by a growing group of engineers, scientists and clinicians. However, to date, the biomechanics of retinal ganglion cell axon insult and injury within the lamina cribrosa have not been addressed. Recent observations that axoplasmic flow is interrupted at the level of the sclera in mice and rats which have a "cellular" lamina suggest that the laminar connective tissues may not be central to the pathophysiology of axonal distress. This talk will review the principal engineering stresses and strains within the neural and connective tissues of the optic nerve head. This review will emphasize the potential differences between tensile, compressive and shear stresses and strains within the connective tissues and the translaminar hydrostatic pressure gradient generated by the transition from intraocular to cerebral spinal fluid pressures. A fundamental difference in how astrocytes and axons experience connective tissue stress and strain and the translaminar pressure gradient will be proposed. A dynamic between laminar capillary blood flow, the laminar astrocyte footplate and the laminar astrocyte process into the laminar axon bundles will be proposed and contrasted with what is known regarding the same dynamics in the brain. While the existing ocular literature will be discussed, this talk will seek concepts in the optic neuropathy, spinal cord trauma and cardiac ischemia literature that will enhance our understanding of the pathophysiology of laminar axon transport and flow. CR: C.F. Burgoyne, None. Primary open angle glaucoma (POAG) is a sight-threatening disease of unknown etiology. A number of large scale studies indicate that reduced ocular perfusion pressure is a risk factor for the prevalence, incidence and progression of the disease. In addition, optic nerves from POAG patients obtained at autopsy show marked pathological alterations. In these eyes axon loss is associated with increasing connective tissue surrounding the central retinal artery and a decreasing density of capillaries. How these vascular risk factors and morphological changes exactly relate to the disease process is unknown. It is, however, nowadays assumed that POAG may be associated with transient ischemia and associated low-grade ischemia-reperfusion phenomena. Such ischemic episodes may for instance occur during nocturnal decreases in systemic blood pressure or during periods of high intraocular pressure and are favored by abnormal autoregulation. Abnormal autoregulation in glaucoma appears to be closely related to endothelial dysfunction, which has been observed in various studies using endothelium-dependent agonists and antagonists. As such the endothelium may be an attractive target for vascular intervention in POAG. CR: L. Schmetterer, None. Although increased intraocular pressure (IOP) has been recognized as a major risk factor for retinal ganglion cell (RGC) death in glaucoma for many years, the specific cellular and tissue mechanisms mediating RGC death remain poorly understood. RGC have been shown to die by apoptosis in glaucoma but the ways in which IOP triggers the initiation of apoptosis are also not known. Cell survival is mediated by a balance of pro-survival and pro-death factors. For RGC, this balance likely includes cell autonomous and non-cell autonomous mechanisms. Recent studies from our lab have shown that there is a significant upregulation of specific pro-death pathways in RGC and a downregulation of pro-survival factors in retinal ganglion cells suggesting that RGC may be more vulnerable to the stress of elevated IOP in glaucoma. In addition, there is emerging evidence that glial cells may play a major role in making pro-survival factors in the glaucomatous retina.
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Role of mitochondria in glaucoma N.N. Osborne. Nuffield Laboratory of Ophthalmology, University of Oxford, Oxford, United Kingdom Neurones are heavily dependent on mitochondria for survival. Mitochondria participate in multiple metabolic functions that include the generation of ATP and can be affected in many ways that include mutations to their mtDNA, chemical or light insults to components of the electron transport chain or lack of substrates such as oxygen. Retinal ganglion cell axons within the globe are richly provided with many mitochondria required to produce the high energy demand for nerve conduction because of a lack of mylination. Clearly any alteration in the functional status of these ganglion cell axon mitochondria will influence ganglion cell survival. However, little is known of how these mitochondria are affected in human glaucoma. Mitochondria are dynamic organelles and undergo fission and fusion during aging, disease and development. It remains to be established how intra-axonal ganglion cell mitochondria respond in this respect, other than rate of transport, to changes in the quality of blood flow in the optic nerve head that might in glaucoma. The trigger(s) for ganglion cell apoptosis in glaucoma is/are likely to be multifactorial and the rationale for targeting impaired mitochondrial energy production as a possibility of improving a patient's quality of life is based on logic. Laboratory studies show that mitochondria are affected to cause apoptosis by raised IOP or by light, both types of insults being more relevant to ganglion cell death in glaucoma than, for example, neuronal apoptosis associated with Parkinson's disease. Logic suggests that emphasis must be placed in understanding the role of mitochondria in such cases so as to provide potential ways for enhancing mitochondrial function generally as well as assist in the treatment of glaucoma. It is evident that glaucoma which is a chronic neurodegenerative disease more common in the elderly involves oxidative stress-related pathogenic processes leading to neuronal damage and glial dysfunction. The aging-amplified oxidative component of the neurodegenerative process in glaucoma may also lead to a failure in the regulation of innate and adaptive immune activities. Oxidative stress due to mitochondrial dysfunction in glaucoma along with the aging-dependent component of oxidative stress and cellular senescence represents a route for the conversion of protective immune response into neurodegenerative injury over a chronic and possibly cumulative period. CR: G. Tezel, None.
